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(54) NONAQUEOUS ELECTROLYTE FOR SECONDARY BATTERY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To enhance battery 
characteristics such as charging/discharging cycle 
characteristic, a low temperature discharge 
characteristic, or a storage characteristic by 
adding a silicon series anti-foaming agent 
represented by a specific formula to an 
electrolyte having concentration of the specified 
weight percent. 

SOLUTION: A silicone series anti-foaming agent 
represented by the formula [in the formula, R 
represents an organic group or a hydrogen atom, 
which may be the same or different] is used as a 
silicone series anti-foaming agent to be added. As 
the organic group, an alkyl group and an aryl 
group are listed, and the alkyl group having a low 
molecular weight is used to increase the 
conductivity of an electrolyte. As the example of 
the alkyl group, a methyl group and an ethyl group 
are listed, and as the example of the aryl group, 

a phenyl group is listed. The concentration of the anti-foaming agent in the 
nonaqueous electrolyte is preferable to be 10 ppm to 10 wt. % since too low 
concentration does not show sufficient effect and too high concentration tends to 
decrease the capacity of a battery. 
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♦NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s h ows th e word which can not be translated. 

3 .In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ~ ______ 

[Claim 1] Nonaqueous electrolyte for rechargeable batteries which adds a silicone system defoaming 
agent and is characterized by the bird clapper in a non-aqueous solvent and the nonaqueous 
electrolyte for rechargeable batteries which contains a lithium compound as an electrolyte. 
[Claim 2] Nonaqueous electrolyte for rechargeable batteries according to claim 1 to which 
concentration in the nonaqueous electrolyte for rechargeable batteries of a silicone system defoaming 
agent is characterized by being 10 ppm - 1 0 % of the weight 

[Claim 3] Nonaqueous electrolyte for rechargeable batteries according to claim 1 or 2 characterized 
by a silicone system defoaming agent being a silicone system defoaming agent expressed with the 
following formula 1 . 
[Formula 1] 
R 

R — S---0— L 

r 

R 



R 

-0 — S- — R 

r 

R 



However, R in the above-mentioned formula is an organic machine or a hydrogen atom, and even if 
the same, it may differ. 



[Translation done.] 
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Drawi ng selection l drawing1 




[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the improvement technology 
of the nonaqueous electrolyte concerned aiming at prevention of a fall of the low-temperature electric 
discharge property which originates in the reaction of a negative electrode and the solvent in 
nonaqueous electrolyte especially, and the improvement of an impedance characteristic about the 
nonaqueous electrolyte for rechargeable batteries which contains a lithium compound as an 
electrolyte. 
[0002] 

[Description of the Prior Art] In recent years, as new portable power supplies, such as a 
camcorder/movie, a cellular phone, and a laptop computer, especially, compared with a conventional 
nickel cadmium NIUMU (nickel-Cd) rechargeable battery and a conventional lead rechargeable 
battery, it is lightweight, and the lithium secondary battery of high capacity and high-energy density 
attracts attention. 

[0003] Conventionally, LiPF6 and LiBF4 grade are used as an electrolyte of the nonaqueous 
electrolyte of a lithium secondary battery, and a propylene carbonate (PC), an ethylene carbonate 
(EC), gamma-butyrolactone (GBL), a dimethyl carbonate (DMC), an ethyl-carbonate methyl (MEC), 
diethyl carbonate (DEC), ethyl acetate (EA), a methyl propionate (MPR), 1, 2-dimethoxyethane 
(DME), 2-methyl tetrahydrofuran (2-MeTHF), etc. are used as a non-aqueous solvent. 
[0004] However, the lithium which is a negative-electrode active material is rich in reactivity, and 
reacts with the above-mentioned electrolyte, the resultant serves as a coat, and adheres to an electrode 
front face, and the coat affects a cell property greatly. Then, in order to generate the coat of the 
carbonate which electrolytic-solution composition is devised so that it may not have a bad influence 
on a cell property, carbonates, such as Above PC and EC, generally react with a lithium, and has ion 
conductivity, there are few bad influences which it has on cell properties, such as an increase in cell 
internal resistance, and since this coat turns into a protective coat on the front face of a negative 
electrode and the preservation property of a cell etc. is made good, it is the principal component of 
the nonaqueous electrolyte for lithium secondary batteries conventionally further. However, what has 
the PC concerned or EC high the melting point and annular etc. has [ the carbonates concerned ] 
comparatively high coefficient of viscosity, and the thing of the shape of a straight chain, such as 
Above DMC and DEC, has further the fault that the conductivity of the electrolytic solution when a 
dielectric constant considers as an electrolytic-solution solvent as compared with carboxylates, such 
as Above GBL or EA, for a low reason is small. Therefore, sufficient boosting-charge property or the 
low-temperature electric discharge property demanded as a high power rechargeable battery was not 
acquired. Furthermore, in order for carbonates to generate carbon dioxide gas and olefin gas by 
decomposition, internal pressure rose and the problem that a cell blistered was during the 
preservation under the time of charge electric discharge of a rechargeable battery, or an elevated 
temperature. 
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[0005] 

[Problem(s) to be Solved by the Invention] this invention aims at offering the technology which can 
raise especially the cell property which are the charge electric discharge cycle property of a 
rechargeable battery, a low-temperature electric discharge property, a preservation property, etc. for 
the purpose of offering the technology which can cancel the fault which this conventional technology 
has The other purposes and the new feature will become clear also from description and the 
accompanying drawing of this specification at the aforementioned row of this invention. 
[0006] . 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, as a result of 
inquiring wholeheartedly, by adding a silicone system defoaming agent to the nonaqueous electrolyte 
of a nonaqueous electrolyte rechargeable battery, this invention persons find out that the generation of 
gas by decomposition of the nonaqueous electrolyte in charge and discharge is suppressed, and the 
improvement in service capacity and an impedance characteristic can improve, and came to invent the 
electrolytic solution which solves the above-mentioned problem based on this. That is, this invention 
relates to the nonaqueous electrolyte for rechargeable batteries which adds a silicone system 
defoaming agent and is characterized by the bird clapper in a non-aqueous solvent and the 
nonaqueous electrolyte for rechargeable batteries which contains a lithium compound as an 
electrolyte. 
[0007] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. As an example of the 
silicone system defoaming agent used in this invention, the silicone system defoaming agent 
expressed with the following formula 1 is mentioned. 
[0008] 



[Formula 1] 
R T r 

R—S.--0— L. 

r 

R 



R 

-O — {L — R 
I' 
R 



[0009] However, R in the above-mentioned formula is an organic machine or a hydrogen atom, and 
even if the same, it may differ. It is desirable from the purpose of this invention that it is an organic 
machine. An alkyl group and an aryl group are mentioned as an example of an organic machine. 
Although there is especially no upper limit in the carbon number in the alkyl group concerned, in 
order to make conductivity of the electrolytic solution good, a low-molecular alkyl group is desirable 
as much as possible, and a methyl group and an ethyl group are mentioned as the example of the alkyl 
group concerned. A phenyl group is mentioned as an example of an aryl group. Things like a 
secondary product, such as what blended the solution type which melted the above silicone oils to the 
solvent, and various additives as a silicone system defoaming agent, can be used, a silicone system 
defoaming agent - a commercial thing ~ it can be used - as an example ~ the Sannopuko, Inc. make 
- DAPPO-SN-357 (SN-357 are called hereafter.), KS603 (KS603 is called hereafter.) by Shin-Etsu 
Chemical Co., Ltd., etc. are mentioned 

[0010] the concentration in the inside of the nonaqueous electrolyte of a silicone system defoaming 
agent was added when too low — an effect is not enough, and since it is in the inclination for cell 
capacity to fall when too high, it is desirable to consider as 10 ppm - 10 % of the weight 
[001 1] It is not limited especially as a non-aqueous solvent used in this invention, and a solvent 
which is conventionally used in the nonaqueous electrolyte for rechargeable batteries can be used. For 
example, a propylene carbonate (PC), an ethylene carbonate (EC), a dimethyl carbonate (DMC), An 
ethyl-carbonate methyl (MEC), diethyl carbonate (DEC), gamma-butyrolactone (GBL), Ethyl acetate 
(EA), a methyl propionate (MPR), an ethyl propionate (EPR), 1, 2-dimethoxyethane (DME), 1, 2- 
diethoxy ethane (DEE), 2-methyl tetrahydrofuran (2-MeTHF), a tetrahydrofuran (THF), a sulfolane 
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(SL), a methyl sulfolane (MeSL), etc. can be used, and these may mix two or more sorts. 
[0012] In the nonaqueous electrolyte for rechargeable batteries of this invention, a lithium compound 
is used as an electrolyte. Thereby, this electrolyte becomes useful especially as the electrolytic 
solution of a lithium secondary battery. What is used in the conventional lithium secondary battery as 
such a lithium compound can be used. LiC104, LiAsF6, LiPF6, LiBF4, and LiCF3 - S03, LiN 
(CF3S02)2, and LiC(CF3S02)3 grade can be used [ for example, ] In addition, as for the 
concentration in the inside of the nonaqueous electrolyte for rechargeable batteries of the lithium 
compound which is an electrolyte, it is good to make 0.1-3.0 mols /desirable in 0.3-2.0 mols/1. 1. from 
the point of conductivity. 

[0013] The nonaqueous electrolyte for rechargeable batteries of this invention can be manufactured 
by adding a lithium compound as an electrolyte, making it dissolve into it, adding a silicone system 
defoaming agent and making it dissolve, agitating a non-aqueous solvent. 
[0014] The nonaqueous electrolyte for rechargeable batteries of this invention can apply a lithium 
compound to the rechargeable battery of the various composition used as an electrolyte. For example, 
it is preferably applicable to the lithium secondary battery which has the negative electrode which 
consists of material which can dope and ** dope a lithium metal, a lithium alloy, or a lithium. Here, a 
lithium aluminium alloy can be illustrated as a lithium alloy. Moreover, as a material which can dope 
and ** dope a lithium, carbon materials, such as pyrolytic carbons, corks (pitch coke, a needle coke, 
petroleum coke, etc.), graphite, an organic high-molecular-compound baking object (that which 
calcinated and carbonized phenol resin, the furan resin, etc. at suitable temperature), a carbon fiber, 
and activated carbon, etc. can be used, for example. 

[0015] On the other hand, a positive electrode can be formed from the various material in which 
charge and discharge are possible. For example, LixMO(s)2 (here), such as LiCo02, LiNi02, 
LiMn204, and LiMn02 M is the transition metals more than a kind, and x changes with charge-and- 
discharge states of a cell. 0.05<=x<=1.20 [ usually, ] — it is — the multiple oxide of the lithium and 
the transition metals more than a kind which are expressed - Polymer, such as a cull scorch night of 
transition elements, such as FeS2, TiS2, V205, and Mo03, MoS2, or a polyacethylene, and 
polypyrrole, etc. can be used. 

[0016] It is not limited especially about the configuration of the rechargeable battery which used the 
nonaqueous electrolyte for rechargeable batteries of this invention, and can be made various 
configurations, such as a button type, cylindrical, a square shape, and a coin type. 
[0017] 

[Function] In the nonaqueous electrolyte for rechargeable batteries of this invention, if nonaqueous 
electrolyte is made to contain a silicone system defoaming agent, in charge electric discharge, 
generating of the carbon dioxide gas by decomposition of nonaqueous electrolyte, olefin gas, etc. is 
suppressed, a low-temperature electric discharge property improves, and an impedance characteristic 
can be improved. 
[0018] 

[Example] Hereafter, this invention is further explained based on an example. 
[0019] example 1. — based on drawing 1 , it explains about the nonaqueous electrolyte rechargeable 
battery used in the example concerned As shown in drawing 1 , the nonaqueous electrolyte 
rechargeable battery 1 of this example has a positive electrode 2, a negative electrode 3, separator 4, 
nonaqueous electrolyte 5, the button type cell container 6, the positive-electrode side charge collector 
7, the negative-electrode side charge collector 8, and a gasket 9, and becomes. The mold goods which 
carried out pressing of the mixture which makes LiCo02 a positive active material to the shape of a 
pellet as the above-mentioned positive electrode 2 were used. Moreover, the mold goods which 
carried out pressing of the mixture which made corks negative-electrode active material support to 
the shape of a pellet as a negative electrode 3 were used, in nonaqueous electrolyte 5, the electrolyte 
which becomes the mixed solvent (capacity factor 2:3) of an ethylene carbonate (EC) and diethyl 
carbonate (DEC) from LiPF6 is contained by the concentration of one mol/1. — making - further — 
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silicone system defoaming-agent SN-357 -- 0.05wt(s)% -- the solution which it comes to contain was 
used The separator which consists of a nonwoven fabric made from polypropylene was used for the 
above-mentioned separator 4. Moreover, stainless steel constituted the positive-electrode side charge 
collector 7, and, on the other hand, it constituted the negative-electrode side charge collector 8 by the 
nickel expanded metal. Furthermore, the aforementioned cell container 6 was constituted from 
stainless steel, and fixed the positive-electrode can and negative-electrode can with the gasket 9 of 
polypropylene. About the cell produced as mentioned above, cell capacity, the cell capacity at the 
time of low-temperature electric discharge, and the cell impedance were investigated. In addition, 
charge was made into the galvanostatic process, the current density in 4.2V and a constant current 
was set as 0.60 (0.2C) mA/cm2 for upper limit voltage, electric discharge performed current density 
by 0.60 (0.2C) mA/cm2 or the bottom constant current of 3 (1C) mA/cm2, and final voltage was set 
to 2.7V. Usually, charge and discharge were carried out at 20 degrees C. The cell capacity at the time 
of low-temperature electric discharge was evaluated from comparison of the cell capacity which left 
the usually charged cell at -10 degrees C, discharged by current density 3 (1C) mA/cm2, and usually 
discharged. Moreover, after leaving a cell under environment with a temperature of 90 degrees C for 
100 hours, the cell was disassembled, using the infrared spectrophotometer, carbon-dioxide-gas 
concentration was measured and the electrolytic solution was evaluated. 

[0020] Except having changed the silicone system defoaming agent in the example 2. example 1 into 
KS603, the button type cell was produced like the above-mentioned example 1, and cell capacity, the 
cell capacity at the time of low-temperature electric discharge, an impedance, and the carbon-dioxide- 
gas concentration of the electrolytic solution were investigated under the same conditions as an 
example 1 . 

[0021] Except having changed the content of silicone system defoaming-agent SN-357 in the 
example 3. example 1 to 0.1%, the button type cell was produced like the example 1, and cell 
capacity, the cell capacity at the time of low-temperature electric discharge, an impedance, and the 
carbon-dioxide-gas concentration of the electrolytic solution were investigated under the same 
conditions as an example 1. 

[0022] Except having made the content of the silicone system defoaming agent KS603 in the example 
4. example 2 into 0.1%, the button type cell was produced like the example 1, and cell capacity, the 
cell capacity at the time of low-temperature electric discharge, an impedance, and the carbon-dioxide- 
gas concentration of the electrolytic solution were investigated under the same above-mentioned 
conditions. 

[0023] Except having made the nonaqueous electrolyte in the example 5. above-mentioned example 3 
into the mixed solvent (capacity factor 1 : 1) of an ethylene carbonate (EC) and a dimethyl carbonate 
(DMC), the button type cell was produced like the example 3, and cell capacity, the cell capacity at 
the time of low-temperature electric discharge, and the impedance were investigated under the same 
conditions as an example 1. 

[0024] Except having made the nonaqueous electrolyte in the example 6. above-mentioned example 4 
into the mixed solvent (capacity factor 1 :1) of an ethylene carbonate (EC) and a dimethyl carbonate 
(DMC), the button type cell was produced like the example 4, and cell capacity, the cell capacity at 
the time of low-temperature electric discharge, and the impedance were investigated under the same 
conditions as an example 1. 

[0025] Except having not added a silicone system defoaming agent in the example of comparison 1. 
example 1, the button type cell was produced like the example 1, and cell capacity, the cell capacity 
at the time of low-temperature electric discharge, an impedance, and the carbon-dioxide-gas 
concentration of the electrolytic solution were investigated under the same conditions as an example 
1. 

[0026] In the example of comparison 2. example 5, except having not added a silicone system 
defoaming agent, the button type cell was produced like the example 5, and cell capacity, the cell 
capacity at the time of low-temperature electric discharge, an impedance, and the carbon-dioxide-gas 
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concentration of the electrolytic solution were investigated under the same conditions as an example 
1. 

[0027] The above result is shown in Table 1, drawing 2 (A), and drawing 2 (B). In addition, drawing 
2 (A) shows the impedance curve after low-temperature electric discharge of an example 3 and an 
example 4, and the example 1 of comparison. Moreover, drawing 2 (B) shows the impedance curve 
after low-temperature electric discharge of an example 5 and an example 6, and the example 2 of 
comparison. 



[0028] 
Table 1] 




III Mil 1 1 Hi ll~>! 1 1 

(mAh) 


wmm 

CmAh) 


SS Cppm) 


1 


Z 8 1 


1. 3 2 


7 5 0 


mmm 2 


2. 8 3 


1. 3 4 


4 7 0 


gs&ffl 3 


2. 86 


1. 4 8 


6 5 0 


sum 4 


2. 83 


1. 3 3 


5 4 0 


HMfl 5 


2. 7 7 


1. 3 9 






2. 72 


1. 3 0 




mm 1 


2.58 


1. 1 2 


12 0 0 


mm 2 


2. 55 


1. 1 0 


112 0 



[0029] As shown in Table 1 , it turns out that an increase is seen as compared with the electrolytic 
solution (the example 1 of comparison, example 2 of comparison) which is not adding the silicone 
system defoaming agent concerned, and the electrolytic solution (examples 1-6) which added the 
silicone system defoaming agent of this invention is effective in initial service capacity and all the 
cell capacity at the time of low-temperature electric discharge. Although the impedance curve after 
low-temperature electric discharge of an example 3 and an example 4, and the example 1 of 
comparison is shown, as shown in the drawing 2 (A) concerned, as for drawing 2 (A), an example 3 
and an example 4 are known by an impedance falling and excelling compared with the example 1 of 
comparison. Moreover, although the impedance curve after low-temperature electric discharge of an 
example 5 and an example 6, and the example 2 of comparison is shown, as shown in the drawing 2 
(B) concerned, as for drawing 2 (B), an example 5 and an example 6 are known by an impedance 
falling and excelling compared with the example 2 of comparison. Furthermore, it turns out that a fall 
is seen as compared with the electrolytic solution (the example 1 of comparison, example 2 of 
comparison) which is not adding the silicone system defoaming agent concerned, and the electrolytic 
solution (examples 1-4) which added the silicone system defoaming agent is effective in the carbon- 
dioxide-gas concentration after 90 degrees C and 100-hour neglect. 

[0030] invention made by this invention person above — an example - a basis although 
explained concretely, it cannot be overemphasized by this invention that it can change variously in 
the range which is not limited to the above-mentioned example and does not deviate from the 
summary For example, in the above-mentioned example, although the button type explained, the 
configuration of a cell is not limited to this, and even if they are other square shapes, cylindrical, a 
coin type, etc., it can acquire the same effect. 
[0031] 

[Effect of the Invention] It will be as follows if the effect acquired by the typical thing among 
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invention indicated in this application is explained briefly. That is, according to this invention, in the 
nonaqueous electrolyte for rechargeable batteries, suppression of the electric discharge property of the 
rechargeable battery using the electrolytic solution, a low-temperature electric discharge property, and 
cracked gas can be raised by adding a silicone system defoaming agent. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to the improvement technology 
of the nonaqueous electrolyte concerned aiming at prevention of a fall of the low-temperature electric 
discharge property which originates in the reaction of a negative electrode and the solvent in 
nonaqueous electrolyte especially, and the improvement of an impedance characteristic about the 
nonaqueous electrolyte for rechargeable batteries which contains a lithium compound as an 
electrolyte. 
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Japan Patent Office is not responsible for any 
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PRIOR ART 

[Description of the Prior Art] In recent years, as new portable power supplies, such as a 
camcorder/movie, a cellular phone, and a laptop computer, especially, compared with a conventional 
nickel cadmium NIUMU (nickel-Cd) rechargeable battery and a conventional lead rechargeable 
battery, it is lightweight, and the lithium secondary battery of high capacity and high-energy density 
attracts attention. 

[0003] From the former, it is an electrolyte of the nonaqueous electrolyte of a lithium secondary 
battery. LiPF6 and the LiBF4 grade are used for a propylene carbonate (PC), an ethylene carbonate 
(EC), gamma-butyrolactone (GBL), a dimethyl carbonate (DMC), an ethyl-carbonate methyl (MEC), 
diethyl carbonate (DEC), ethyl acetate (EA), a methyl propionate (MPR), 1, 2-dimethoxyethane 
(DME), 2-methyl tetrahydrofuran (2-MeTHF), etc. as a non-aqueous solvent again. 
[0004] However, the lithium which is a negative-electrode active material is rich in reactivity, and 
reacts with the above-mentioned electrolyte, the resultant serves as a coat, and adheres to an electrode 
front face, and the coat affects a cell property greatly. Then, electrolytic-solution composition is 
devised so that it may not have a bad influence on a cell property, and generally carbonates, such as 
Above PC and EC, react with a lithium. In order to generate the coat of the carbonate which has ion 
conductivity, there are few bad influences which it has on cell properties, such as an increase in cell 
internal resistance, and since this coat turns into a protective coat on the front face of a negative 
electrode and the preservation property of a cell etc. is made good, it is the principal component of 
the nonaqueous electrolyte for lithium secondary batteries conventionally further. However, 
comparatively, what has the PC concerned or EC high the melting point and annular etc. has high 
coefficient of viscosity, and the carbonates concerned have the fault that its conductivity of the 
electrolytic solution when considering as an electrolytic-solution solvent as compared with 
carboxylates, such as Above GBL or EA, is still smaller since the thing of the shape of a straight 
chain, such as Above DMC and DEC, has a low dielectric constant. Therefore, sufficient boosting- 
charge property or the low-temperature electric discharge property demanded as a high power 
rechargeable battery was not acquired. Furthermore, in order for carbonates to generate carbon 
dioxide gas and olefin gas by decomposition, internal pressure rose and the problem that a cell 
blistered was during the preservation under the time of charge electric discharge of a rechargeable 
battery, or an elevated temperature. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] It will be as follows if the effect acquired by the typical thing among 
invention indicated in this application is explained briefly. That is, according to this invention, in the 
nonaqueous electrolyte for rechargeable batteries, suppression of the electric discharge property of the 
rechargeable battery using the electrolytic solution, a low-temperature electric discharge property, and 
cracked gas can be raised by adding a silicone system defoaming agent. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] this invention aims at offering the technology which can 
raise especially the cell property which are the charge electric discharge cycle property of a 
rechargeable battery, a low-temperature electric discharge property, a preservation property, etc. for 
the purpose of offering the technology which can cancel the fault which this conventional technology 
has The other purposes and the new feature will become clear also from description and the 
accompanying drawing of this specification at the aforementioned row of this invention. 
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MEANS 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, as a result of 
inquiring wholeheartedly, by adding a silicone system defoaming agent to the nonaqueous electrolyte 
of a nonaqueous electrolyte rechargeable battery, this invention persons find out that the generation of 
gas by decomposition of the nonaqueous electrolyte in charge and discharge is suppressed, and the 
improvement in service capacity and an impedance characteristic can improve, and came to invent the 
electrolytic solution which solves the above-mentioned problem based on this. That is, this invention 
relates to the nonaqueous electrolyte for rechargeable batteries which adds a silicone system 
defoaming agent and is characterized by the bird clapper in a non-aqueous solvent and the 
nonaqueous electrolyte for rechargeable batteries which contains a lithium compound as an 
electrolyte. 
[0007] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. As an example of the 
silicone system defoaming agent used in this invention, the silicone system defoaming agent 
expressed with the following formula 1 is mentioned. 
[0008] 
[Formula 1] 

R f R T r 

R — S ; --0— L t O—L—R 

I I' I' 

R R R 



[0009] However, R in the above-mentioned formula is an organic machine or a hydrogen atom, and 
even if the same, it may differ. It is desirable from the purpose of this invention that it is an organic 
machine. An alkyl group and an aryl group are mentioned as an example of an organic machine. 
Although there is especially no upper limit in the carbon number in the alkyl group concerned, in 
order to make conductivity of the electrolytic solution good, a low-molecular alkyl group is desirable 
as much as possible, and a methyl group and an ethyl group are mentioned as the example of the alkyl 
group concerned. A phenyl group is mentioned as an example of an aryl group. Things like a 
secondary product, such as what blended the solution type which melted the above silicone oils to the 
solvent, and various additives as a silicone system defoaming agent, can be used, a silicone system 
defoaming agent - a commercial thing - it can be used - as an example - the Sannopuko, Inc. make 
- DAPPO-SN-357 (SN-357 are called hereafter.), KS603 (KS603 is called hereafter.) by Shin-Etsu 
Chemical Co., Ltd., etc. are mentioned 

[0010] the concentration in the inside of the nonaqueous electrolyte of a silicone system defoaming 
agent was added when too low - an effect is not enough, and since it is in the inclination for cell 
capacity to fall when too high, it is desirable to consider as 10 ppm - 10 % of the weight 
[0011] It is not limited especially as a non-aqueous solvent used in this invention, and a solvent 
which is conventionally used in the nonaqueous electrolyte for rechargeable batteries can be used. For 
example, a propylene carbonate (PC), an ethylene carbonate (EC), a dimethyl carbonate (DMC), An 
ethyl-carbonate methyl (MEC), diethyl carbonate (DEC), gamma-butyrolactone (GBL), Ethyl acetate 
(EA), a methyl propionate (MPR), an ethyl propionate (EPR), 1, 2-dimethoxyethane (DME), 1, 2- 
diethoxy ethane (DEE), 2-methyl tetrahydrofuran (2-MeTHF), a tetrahydrofuran (THF), a sulfolane 
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OPERATION 

[Function] In the nonaqueous electrolyte for rechargeable batteries of this invention, if nonaqueous 
electrolyte is made to contain a silicone system defoaming agent, in charge electric discharge, 
generating of the carbon dioxide gas by decomposition of nonaqueous electrolyte, olefin gas, etc. is 
suppressed, a low-temperature electric discharge property improves, and an impedance characteristic 
can be improved. 
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EXAMPLE 

[Example] Hereafter, this invention is further explained based on an example. 
[0019] example 1. ~ based on drawing 1 , it explains about the nonaqueous electrolyte rechargeable 
battery used in the example concerned As shown in drawing 1 , the nonaqueous electrolyte 
rechargeable battery 1 of this example has a positive electrode 2, a negative electrode 3, separator 4, 
nonaqueous electrolyte 5, the button type cell container 6, the positive-electrode side charge collector 
7, the negative-electrode side charge collector 8, and a gasket 9, and becomes. The mold goods which 
carried out pressing of the mixture which makes LiCo02 a positive active material to the shape of a 
pellet as the above-mentioned positive electrode 2 were used. Moreover, the mold goods which 
carried out pressing of the mixture which made corks negative-electrode active material support to 
the shape of a pellet as a negative electrode 3 were used, in nonaqueous electrolyte 5, the electrolyte 
which becomes the mixed solvent (capacity factor 2:3) of an ethylene carbonate (EC) and diethyl 
carbonate (DEC) from LiPF6 is contained by the concentration of one mol/1. — making— further — 
silicone system defoaming-agent SN-357 — 0.05wt(s)% - the solution which it comes to contain was 
used The separator which consists of a nonwoven fabric made from polypropylene was used for the 
above-mentioned separator 4. Moreover, stainless steel constituted the positive-electrode side charge 
collector 7, and, on the other hand, it constituted the negative-electrode side charge collector 8 by the 
nickel expanded metal. Furthermore, the aforementioned cell container 6 was constituted from 
stainless steel, and fixed the positive-electrode can and negative-electrode can with the gasket 9 of 
polypropylene. About the cell produced as mentioned above, cell capacity, the cell capacity at the 
time of low-temperature electric discharge, and the cell impedance were investigated. In addition, 
charge was made into the galvanostatic process, the current density in 4.2V and a constant current 
was set as 0.60 (0.2C) mA/cm2 for upper limit voltage, electric discharge performed current density 
by 0.60 (0.2C) mA/cm2 or the bottom constant current of 3 (1C) mA/cm2, and final voltage was set 
to 2.7V. Usually, charge and discharge were carried out at 20 degrees C. The cell capacity at the time 
of low-temperature electric discharge was evaluated from comparison of the cell capacity which left 
the usually charged cell at -10 degrees C, discharged by current density 3 (1C) mA/cm2, and usually 
discharged. Moreover, after leaving a cell under environment with a temperature of 90 degrees C for 
100 hours, the cell was disassembled, using the infrared spectrophotometer, carbon-dioxide-gas 
concentration was measured and the electrolytic solution was evaluated. 

[0020] Except having changed the silicone system defoaming agent in the example 2. example 1 into 
KS603, the button type cell was produced like the above-mentioned example 1, and cell capacity, the 
cell capacity at the time of low-temperature electric discharge, an impedance, and the carbon-dioxide- 
gas concentration of the electrolytic solution were investigated under the same conditions as an 
example 1. 

[0021] Except having changed the content of silicone system defoaming-agent SN-357 in the 
example 3. example 1 to 0.1%, the button type cell was produced like the example 1, and cell 
capacity, the cell capacity at the time of low-temperature electric discharge, an impedance, and the 
carbon-dioxide-gas concentration of the electrolytic solution were investigated under the same 
conditions as an example 1. 

[0022] Except having made the content of the silicone system defoaming agent KS603 in the example 
4. example 2 into 0.1%, the button type cell was produced like the example 1, and cell capacity, the 
cell capacity at the time of low-temperature electric discharge, an impedance, and the carbon-dioxide- 
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gas concentration of the electrolytic solution were investigated under the same above-mentioned 

conditions. . . « 

[0023] Except having made the nonaqueous electrolyte in the example 5. above-mentioned example 5 
into the mixed solvent (capacity factor 1:1) of an ethylene carbonate (EC) and a dimethyl carbonate 
(DMC), the button type cell was produced like the example 3, and cell capacity, the cell capacity at 
the time of low-temperature electric discharge, and the impedance were investigated under the same 
conditions as an example 1. 

[0024] Except having made the nonaqueous electrolyte in the example 6. above-mentioned example 4 
into the mixed solvent (capacity factor 1:1) of an ethylene carbonate (EC) and a dimethyl carbonate 
(DMC), the button type cell was produced like the example 4, and cell capacity, the cell capacity at 
the time of low-temperature electric discharge, and the impedance were investigated under the same 
conditions as an example 1. . 
[0025] Except having not added a silicone system defoaming agent in the example of comparison 1. 
example 1, the button type cell was produced like the example 1, and cell capacity, the cell capacity 
at the time of low-temperature electric discharge, an impedance, and the carbon-dioxide-gas 
concentration of the electrolytic solution were investigated under the same conditions as an example 

[0026] In the example of comparison 2. example 5, except having not added a silicone system 
defoaming agent, the button type cell was produced like the example 5, and cell capacity, the cell 
capacity at the time of low-temperature electric discharge, an impedance, and the carbon-dioxide-gas 
concentration of the electrolytic solution were investigated under the same conditions as an example 

[0027] The above result is shown in Table 1, drawing 2 (A), and drawing 2 (B). In addition, drawing 
2 (A) shows the impedance curve after low-temperature electric discharge of an example 3 and an 
example 4, and the example 1 of comparison. Moreover, drawing 2 (B) shows the impedance curve 
after low-temperature electric discharge of an example 5 and an example 6, and the example 2 of 
comparison. 
[0028] 
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[0029] As shown in Table 1, it turns out that an increase is seen as compared with the electrolytic 
solution (the example 1 of comparison, example 2 of comparison) which is not adding the silicone 
system defoaming agent concerned, and the electrolytic solution (examples 1-6) which added the 
silicone system defoaming agent of this invention is effective in initial service capacity and all the 
cell capacity at the time of low-temperature electric discharge. Although the impedance curve after 
low-temperature electric discharge of an example 3 and an example 4, and the example 1 of 
comparison is shown, as shown in the drawing 2 (A) concerned, as for drawing 2 (A), an example 3 
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and an example 4 are known by an impedance falling and excelling compared with the example 1 of 
comparison. Moreover, although the impedance curve after low-temperature electric discharge of an 
example 5 and an example 6, and the example 2 of comparison is shown, as shown in the drawing 2 
(B) concerned, as for drawing 2 (B), an example 5 and an example 6 are known by an impedance 
falling and excelling compared with the example 2 of comparison. Furthermore, it turns out that a fall 
is seen as compared with the electrolytic solution (the example 1 of comparison, example 2 of 
comparison) which is not adding the silicone system defoaming agent concerned, and the electrolytic 
solution (examples 1-4) which added the silicone system defoaming agent is effective in the carbon- 
dioxide-gas concentration after 90 degrees C and 100-hour neglect. 

[0030] invention made by this invention person above — an example - a basis ~ **** - although 
explained concretely, it cannot be overemphasized by this invention that it can change variously in 
the range which is not limited to the above-mentioned example and does not deviate from the 
summary For example, in the above-mentioned example, although the button type explained, the 
configuration of a cell is not limited to this, and even if they are other square shapes, cylindrical, a 
coin type, etc., it can acquire the same effect. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 Drawing 1 is an example cross section of the nonaqueous electrolyte rechargeable 
battery concerning the example of this invention. 

[Drawing 21 Drawing 2 (A) and (B) are graphs with the impedance curve after the low-temperature 
electric discharge explaining the operation effect of this invention, respectively. 
[Description of Notations] 

1 - Nonaqueous electrolyte rechargeable battery 

2 — Positive electrode 

3 — Negative electrode 
4 -Separator 

5 - Nonaqueous electrolyte 

6 — Button type cell container 

7 — Positive-electrode side charge collector 

8 — Negative-electrode side charge collector 

9 - Gasket 
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